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AIM INVESTIGATION OF THE ETIOLOGY OF BOWEN'S  DISEASE
CHAPT ER I 
INTRODUCTION
Bowen 's  d i s e a s e ,  a squamous cell carcinoma in s i t u , was  or iginal ly  
d escr ibed  in 1 9 1 2  by J . T . Bowen a s  a precancerous d e r m a t o s i s . T h i s  in situ 
carc inoma is genera l ly  re s t r i c ted  to the trunk region of C a u c a s ia n s  and makes its 
a ppearance  during the fifth and s ixth decades  of l i f e .  T h i s  epidermal les ion is 
slow growing and appear s  g ross ly  a s  a dull red,  sca ly  plaque  of 2 - 3  cm in d iamete r .
Bowen 's  d i s e a s e  has  been of interest  to many invest iga to rs  be c au s e  of 
a re la t ive ly  long period of q u i e s c e n c e .  The lesion may remain a s  a carcinoma 
in situ for a s  long as  five years  before invading the underlying dermis (Bowen,  1 9 2 0 ;  
L e ve r ,  1 9 6 7 ) .  Several  inves t iga to rs  have also noted the high incidence of internal 
neop lasms  which ei the r  p recedes  or follows the appearance  of the epidermal le s ion  
(Graham and Helwig,  1 9 5 9 ;  Hugo and Conway,  1 9 6 7 ) ,  T h e s e  s tud ies  showed a 
nine fold increase  of internal mal ignancy when compared with expected  va lues  of  a 
control group.  Graham and Helwig ( 1 9 5 9 )  were the first to not ice the a s s o c i a t i o n  
of Bow en' s  l es ions  and sys tem ic  c a n c e r .  They  reported a 2 5  per cent  incidence 
of th i s  a s so c i a t i o n  and l i s ted  the types  of internal tumors in the following order  of
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f requency;  respiratory s y s t e m ,  gast ro in tes t ina l  t r a c t ,  geni tourmary o rgans ,  
r e t icu lo -endothe l l a l  s y s te m ,  endocrine  s y s te m ,  breast  and e y e .
T h i s  incidence of multiple  tumors prompted a  search  for the et iology  of 
Bow en' s  d i s e a s e .  Ear ly s tud ie s  indicated that  the les ion  sometimes accompanied 
high a r se n ic  intake (Anderson,  1 9 3 2 ) .  L a te r ,  inves t iga to rs  found that  a rs en ic  was 
p referent ia l ly  accumulated in Bow en 's  l e s io n s ,  and tha t  the va lues  obtained were 
8 2  per cent  higher than those  of control skin and 4 0  per cen t  higher than a rsen ic  
leve ls  in other  types  of skin di so rders  (Graham, et a l . ,  1 9 6 1 ;  F e r g u s s o n ,  e t  a l . ,  
1 9 6 0 ) .
In 1 9 6 3 ,  Yeh reported that  a lesion hi s tolog ica l ly  similar to Bowen 's  
w a s  a f requent finding among the Chinese  populat ion on T a iw a n .  Subsequent  
inves t iga t ions  revealed that  well  wa te r  in these  v i l l ages  contained large quant i t ie s  
of a r s e n i c .  However ,  it should be emphasized  that  Bowen 's  les ions  were not a lways 
correla ted  with an a rsen ic  background ,  in f ac t ,  the majority of c a s e s  avai l able  for 
th i s  s tudy  had no history of a r sen ic  exposure or in take .
Since a rsen ic  exposure  has  been an incons i s te n t  finding in Bowen's  
d i s e a s e ,  other  e t iologic  agen ts  should be cons ide red .  Moreover ,  the high incidence 
of sys tem ic  involvement is sugges t ive  of an infectious p r o c e s s ,  and is compatible 
with a virus  e t io logy.
The theory of a viral origin for tumors was  sugges ted  first by Borrel in 
1 9 0 7 .  He noted that  some virus  infections induced hyperp lasia  in various t i s s u e s .  
Experimental  evidence for the viral e t iology of animal tumors was introduced by 
EHerman and Bang in 1 9 0 8  with the t ransmiss ion of av ian  l e u k o s i s . L a t e r ,  Rous 
( 1 9 1 0 ;  1 9 1 1 )  implicated v i ru se s  in various avian n e o p la sm s .  The s igni f icance
of t h es e  inves t ig a t io ns  e s ca p e d  the leading onco log is ts  of the day^ and consequent ly  
did l i t t le  to s t imulate  work in t h i s  a r e a .  A long period of inact iv i ty  was  ended in 
the 1 9 3 0 ' s  by S h o p e ' s  work in the isolat ion of v i ru ses  from papi l loma and other  
neop lasms  in rabbi t s  (Shope ,  1 9 3 2 ) .  Bi t tner  ( 1 9 3 6 )  and L u c k e ' ( 1 9 3 8 )  showed 
the c e l l - f r e e  t ransm is s ion  of murine mammary carcinoma and frog renal carcinoma 
r e s p e c t i v e ly .  At the beginning of the 1 9 5 0 ' s .  Gross ( 1 9 5 1 )  demonstrated the 
viral e t io logy  of "sp on taneous"  l eukos i s  in mice and observed that  the virus was  
t ransmit t ed ve r t ica l ly  to e ach  generat ion by infection of the ova an d /o r  sperm. His 
later experiments  (Gross ,  1 9 5 3 ,  1 9 5 5  , 1 9 5 8 )  showed tha t  some mouse s t ra ins  
were free of the infect ious a g e n t ,  whi le  other  genet ic  s t r a in s  were compromised.  
Continued expe riment s  ut i l iz ing ser ia l  t rans fer  in newborn mice resu l ted in the p ro­
duct ion of the highly virulent  "Gross  p a s sa g e  A" v i rus .  T h i s  virus  s train induced 
leukemia in a s  many a s  9 0  per cent  of injected young m i c e .
The  advent  of useful e lec tron  microscopy in the 1 9 5 0 ' s  provided a new 
resea rch  tool which  greatly s t im ula ted re sea rch  ac t iv i ty  involving animal tumor 
m odels .  Subsequen t  advances  in viral oncology are well descr ibed  in a compre 
hensive review ar t ic le  by Shope in 1 9 6 6 .
In the late fifties and s i x t i e s ,  many inves t iga to rs  turned their  a t tent ion 
from an im als  to the s tudy of human tumors of suspec ted  viral e t io logy ,  and s ince 
that  t ime many types  of human ne o p la s i a s  have been s tudied u l t r a s t r u c tu ra l ly , 
viro logica l ly  and immunological ly (Dmochowski , 1 9 6 4 ;  Sm ith ,  e ^ l . ,  1 9 6 4 ;  
P o r te r ,  e t  a i . ,  1 9 6 4 ;  Dmochowski , e t_ a j . ,  1 9 6 5 ;  E p s t e i n ,  et _al. ,  1 9 6 5 ;  Z e v e ,  
e t a l . ,  1 9 6 6 ;  Dmochowski,  1 9 6 7 ;  Pel 1er and Copra ,  1 9 6 8 ;  Hinz,  e t  a l . ,  1 9 6 8 ;
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Maruyamay et  a l . y 1 9 6 8 ;  R a uc he r ,  1 9 6 8 ;  Seman and Seman , 1 9 6 8 ;  Stewart  y 
et  a l .y 1 9 6 9 ;  MortoHy et_a[ .y  1 9 6 9 ) .
Among the agen ts  a s s o c i a t e d  with human tumors , the best  known virus  
is the E p s t e in -B a r r  virus  ( E p s t e i n , e t  a l . ,  1 9 6 4 )  which was  isolated from an 
Afr ican pat ient  with Burk i t t ' s  lymphoma.  This  virus  has  been shown to have a 
DNA core and has been p laced  in the herpes  group. Howevery the most promising 
cand ida te  for c a rc inogenes i s  in humans is probably the C- type  RNA v i rus .  Recentlyy 
several  e lectron mic roscopic  s tu d ies  have reported th i s  type of virus in human 
tum ors .  One of t h es e  s tu d i e s  (Morton, et£l_.y 1 9 6 9 )  reported that  ex tr ac t s  of 
o s teosa rcom a  containing C - type  pa r t i c l e s  induced malignant  t ransformation in human 
t i s s u e  culture  c e l l s . However  e lec tron  microscopic  examinat ion of the t ransformed 
cul ture  c e l l s  failed to show vi rus  pa r t i c l e s  of the C - t y p e .  The same group reported 
that  subcul tu res  of a l iposarcoma contained  v i ru s - l ike  pa r t ic les  similar to the C-type 
murine virus  descr ibed by Bernhard in 1 9 6 0  y but a g a in ,  when the original tumor 
w a s  examined e lec tron m ic ro scop ica l ly ,  no vi ruses  were s e e n .  The only original 
tumor s tudied by th is  group which revea led virus-1 ike pa r t ic les  was a chondrosarcoma.  
T h i s  tumor contained virus-1 ike pa r t i c l e s  that  budded from the endoplasmic reticulum 
in the tumor c e l l S y  and were s imilar  to the "A" p a r t i c l e s  in a human r e t i c u l u m  cell 
sarcoma a s  descr ibed  by Seman and Seman in 1 9 6 8 .
A spec tacu la r  report deal ing with human tumoro genes  is was  the growth 
of fe l ine leukemia virus  in human embryo lung c e l l s  (Jarret ty et a t . ,  1 9 6 9 ) .  Th is  
agenty a C-type  RNA viruSy w a s  demonstrated by e lectron  microscopy and uridine 
labe l ing experiments  showed tha t  it proli ferated read i ly  in cultured human c e l l s .
It has  been  shown that  a serological  re la t ionship e x i s t s  between feline and human 
leukem ias .  It has been reported prev ious ly by Geering that  an antigenic  r e l a t ion ­
ship ex i s t e d  among the vi ruses  which  produced leukemia in r a t s ,  mice and c a t s  
(Geering,  e t  a l . ,  1 9 6 8 ) .
Although the information regarding the role of vi ruses  in the et io logy  of 
many animal tumors is unequ ivoca l ,  no malignant  human tumor has  yet proven to be 
di rec t ly  a t t r ibu table  to a v i rus .  However ,  the major works cited above would prompt 
one to inves t igate  further the p oss ib le  e t iologic  role of infectious agents  in human 
tumor onco lo gy .
The  work to be reported on the following pages  is the product of an in­
ves t iga t ion  which was  or iginal ly  undertaken to s tudy  only the his tochemical  and 
morphological a l te ra t ions  in a carcinoma in s i tu ,  Bow en' s  d i s e a s e .  However ,  the 
repea ted v i sua l iza t ion  of v i ru s - l ike  pa r t ic les  in a s s o c i a t i o n  with these  l es ions  
prompted an expans ion of the experimental  protocol to include the invest igat ion of 
an et io log ic  role of t hese  v i rus - l ike  pa r t ic l es  in th is  d i s e a s e  en t i ty .
CH APTER II 
M ATERIALS AND METHODS
Clinical  Material
Clinical ly  c h a ra c te r i s t i c  Bowen 's  les ions  of  2 to 3  cen t imenters  in 
diameter  were removed from pa t i en ts  under local a n e s t h e s i a .  The  spec im ens  were 
weighed (wet t i s s u e  weight  approximately 0 . 2  gm) and divided with a scapel  into 
three equal par ts :  for light m icroscopy,  for e lectron microscopy and for determination 
of biological ac t iv i ty .
Histochemistry
Light  m ic ro sc o p y . Several  histochemical methods were appl ied  in an 
at tempt  to cha rac te r ize  some of the  cytochemical a l t e ra t ions  that  occur  in the d e ­
velopment  of the Bowen' s  l e s i o n s .  T he se  histochemical  methods are l is ted under 
the following general c a ta g o r ie s :
Po ly sac c ha r ide s
Pe riodic  A c id -S ch i f f  -  with and without  d ia s t a se  diges t ion (Barka ,  1 9 6 3 )  
Ast rab lau -  (Kelly,  1 9 6 2 )
Hale 's  Colloidal Iron -  (Barka ,  1 9 6 3 )
Alc ian  Blue -  (Barka,  1 9 6 3 )
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Lipids
Sudan  B -  (Barka ,  1 9 6 3 )
Nucleic  Acid
F e u lgen  -  wi th  and without desoxyribonuc lease  d iges t ion  (Barka, 1 9 6 3 )
Enzymes
Acid ph o sp h a ta se  -  (Barka,  1 9 6 3 )
Elec t ron  microscopy .  Methods for the ul t ras t ructural  demonstrat ion of 
two hydrolyt ic enzymes  were ut i l ized to s tudy the involvement  of  the lysosom es  in 
the morphological  a l t e ra t ions .  The  methods s e lec ted  were for the loca l iza t ion of 
ac id  p h o s p h a ta s e  and desoxy r ibonuc le a se .  The  following method is our modified 
ve rs ion of Barka and Anderson 's  modification of the Gomori acid phospha ta se  
m e th o d .
W et  glutaraldehyde fixed t i s s u e s  were sec t ioned  to 2 0 - 4 0  microns on 
an S and F t i s s u e  chopper  (University  of Southern Ca l i fo rn ia ,  Development and 
R e se a rc h  Laboratory) .  The se c t io n s  were incubated for 2 0  minutes at 3 7 ° C  in 
the following subs tr a te :
1 0  ml of 0  . I M  t r i s -m a le a te  buffer
2 0  ml water  with . 1 2 5  per cent  sodium be ta -g lyce rophospha te  
2 0  ml 0 . 1  per  cen t  lead nitrate  
T h i s  subs t r a te  was adjus ted to pH 5 . 0 .
T h e  method for demonstrat ing desoxyr ibonuc lease  was  that  of Vorbrodt
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( 1 9 6 1 ) ,  and the t i s s u e  w a s  prepared for incubat ion in the manner descr ibed  above .
Morphologic Stud ie s
Light  m ic r o sc o p y . The t i s s u e  for l ight microscopy was  fixed in 10  per 
cent, neutral  buffered formal in ,  embedded in t i s s u e m a t ,  sect ioned  at 5 - 7  microns , 
and examined h i s to log ica l ly  to a s su re  that  the spec imens  wei-e true Bowen 's  les ions  
( L e ve r ,  1 9 6 7 ) .
E lectron mic roscopy .  The  t i s sue  for e lec tron  microscopy was  fixed in 
2  p e r c e n t  glutaraldehyde ( S a b a t i n i , ej_ a j . ,  1 9 6 3 ) ,  buffered to pH 7 . 2  with O . I M  
phospha te  buffer (Barka and Anderson ,  1 9 6 3 )  wi th  5  per cent  s u c ro s e .  After  two 
hours of f ixat ion,  the  spec im ens  were placed in 0  . IM  phospha te  buffer with 5  per 
c en t  s u c r o s e ,  pH 7 . 2 ,  and stored for subsequen t  examinat ion ,  pending confirmation 
of  the hi s tological  d i a g n o s i s .  Storage in the buffer for per iods up to one week  pro­
duced no apparent  dam age .  The  specimens  were then post  -fixed with 2 per cent  
osmium t e t r o x id e , in O . I M  phospha te  buffer ,  pH 7 . 2  with 5  per cen t  s u c r o s e ,
After  two hours the specimen  was  dehydrated in graded a lcohols  and embedded in 
C a r g i l l e ' s  epoxy res in  (Araldi te 6 0 0 5  obtained from R .  P .  C a rg i l l e ’s Labora to r ie s ,  
Inc,  N . J  . ) .
T i s s u e  cu l ture  c e l l s  taken  for e lec tron  microscopy were t rea ted  in the 
manner descr ibed  a b o v e ,  exc ep t  tha t  a low speed  centr ifugation ( 6 0 0 - 8 0 0  X g) 
w a s  performed be tween  e a c h  s t e p ,  in order that  all c e l l s  might be p e l l e t e d .  Vi rus-  
fike pa r t i c l e s  from th es e  cul tu res  were centr ifuged at 6 0 , 0 0 0  X g in a Beckman 
L - 2  ul t racentr i fuge using  a  SW 2 5 . 1  swinging bucket  head .  The  p e l l e t s  obtained 
vjcre fixed and embedded in the manner descr ibed  above .
After  polymerization of the res in  for 2 4  hours a t  6 0 ° C  the b locks  were 
thin s ec t ioned  and s ta ined with a c e t i c  acid-uranyl  a c e ta te  and lead c i t r a te  (Reyno lds ,  
1 9 6 3 ) .  Micrographs were t aken  a t  various magnif ica t ions ( 3 , 0 0 0  to 1 0 0 , 0 0 0  x) 
on an Hitachi H U - l l B  e lec tron  microscope .
T i s s u e  Culture Methods 
E s tab l i she d  t i s s u e  culture  l ines  of HeLa C hessen  were maintained at 
3 7 ° C . The c e l l s  were grown in E a g l e ' s  Minimum E s s e n t i a l  Medium (MEM) w i th ­
out  g lu tam ine ,  enr iched with 1 0  per cent heat denatured fetal calf  serum, 1 per 
cen t  glutamine and 1 per cent  penici  11 in -s t reptomyc in  mixture ( 5 , 0 0 0  un i ts  per m l ) . 
(All t i s s u e  cul ture  media and supplements  were ob ta ined  from Grand Island Biological  
Company,  New York) .
Biological  A s s a ys
T i s s u e  Culture Experiments  
The portion of t i s s u e  from the Bowen 's  les ion al lot ted for biological 
a s s a y s  was  immediately frozen with liquid ni trogen and maintained at - 7 0 ° C . La te r ,  
the t i s s u e  was  quickly thawed and cut in half .  The  fi^st half was  s l iced  in small 
s egmen ts  and placed d irec t ly  in 2 0  ml of medium on monolayers  of HeLa c e l l s  
(5 X 1 0 ^  cel ls)  in milk di lut ion b o t t l e s . The remaining half was  ground to an 
emuls ion  by a  mortar and p e s t l e ,  di luted to 1 0  ml with s ter i le  s a l i n e ,  s o n ic a t e d ,  
and f i l tered through a 0 . 2  micron Millipore f i l t e r . The  resul t ing cell free fil trate 
was  layered over a monolayer  of HeLa c e l l s  (5 x 1 0 ^  cel ls)  and incubated at 3 7 ° C  
for two hours .  Fol lowing the incubat ion,  the fluid w a s  decanted and rep laced  with
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enriched M E M .  The  cul tu res  were then gassed  with 5  per cent  CO^ and air  mix­
ture  and p laced  in an incubator  a t  3 7 ° C .  Control., normal skin was  p roces sed  in 
an ident ical  manner a s  descr ibed  above .
Fol lowing the e a r l i e s t  di scern ib le  cytopa th ic  effect^  serial t ransm iss io n  
w a s  accompl ished by col lect ion  of the t i s s u e  culture c e l l s  and medium. T h e s e  
c e l l s  and medium were light ly son ica ted and fil tered through a 0 . 2  micron Mil lipore
f i l te r .  The  f i l trate  was  then applied to a new monolayer of HeLa ce l l s  for two 
0
hours a t  3 7  C .  After two hours ,  the fil trate was  removed and fresh medium added 
and aga in incubated at 3 7 ° C .  Each  subsequent  p a s s a g e  was  performed m an 
identical manner ,  until terminat ion of the experiment .
Egg Experiments
T e n  day embryonated hen eggs  were in jected with 0 , 2  ml of the cel l  
free fi l t ra te  from the human tumor ,  it was  injected into ei the r  the amniotic sac  
fluid or the  chorio -a l lan to ic  cav i ty  f l u i d . The injection s i t e s  in the she l l s  were 
sea led  with dental  wax and the  eggs  incubated at 3 7 ° C  for 7 2  hours to 1 0  d a y s .  
After  the fluids  were drawn off ,  the se ro sa  (chorio-al lantoic)  and amniotic s a c s  
were removed by cut ting off the top of the egg and dropping the embryo from the 
s h e l l . P i e c e s  of both membranes were prepared for e lec tron  microscopy by the 
methods descr ibed  in the morphological  s tudies  s e c t io n .  The remaining membranes 
and fluids  were frozen and s tored for further t i s s u e  culture s tu d i e s .
Immunology
Ce l l s  from supernatent  from the first pa s sa g e  in the t i s s u e  culture was
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emulsif ied with F r e u d ' s  adjuvant  (Difco L abora to r i e s ,  Detroit , Michigan) in a 
1 : 1  r a t io .  Th is  emulsion was  then injected into young,  wh ite ,  New Zealand  
r abb i t s .  The  total injection volume was  3  ml, with each  rabbit receiving 0 . 2 5  ml 
in each  foot directly in the foo tp ads ,  and the remaining 2 ml was  injected into the 
f la nks ,  1 . 0  ml in e ach  s i d e . Ten days later  e a c h  rabbit  received a 2  ml booster  
of  the same emulsion,  1 . 0  ml in e ach  f lank.  For ty- f ive  days af ter  the second in ­
j ec t io n ,  the rabbi ts  received a third and las t  injection of 2 ml of em uls io n ,  1 . 0  ml 
in e ach  f lank .
Ten days following the las t  injec t ion ,  the rabbi ts  were bled by cardiac 
punc tu re ,  each  rabbit  contr ibuting 5 0  m l . The  fresh blood was allowed to c lo t  at 
room temperature ,  and the serum withdrawn.  The  serum was  divided into 3  ml 
a l iquo ts  and stored in s ter i le  g la s s  vials  a t - —7 0 ° C .
P la sm a  was  obtained from pa t i en ts  with Bowen's  d i se a s e  and other  types  
of c a n c e r ,  a s  well a s  normal vo lun tee rs .  P l a sm a  samples  were number coded at 
the time of w i t h d r a w a l t o  insure objec t iv i ty  during subsequent  expe r im e n t s .  All 
number coded plasma samples  were a s sa ye d  for the Bowen's  virus antigen by immuno­
diffusion aga inst  the hyperimmune rabbit  ant i se rum using the Ouchterlony technique 
(Ouchter lony,  1 9 4 8 ) .  In th is  immunodiffusion procedure,  an agar  medium ( 1 . 0  
per  cent Special  Agar -N ob le ,  Difco L abo ra to r i e s ,  Detroit, Michigan) a l lows  the 
diffusion of macromolecules  a t  ra tes  which correspond to their respec t ive  molecular  
we ight  and s ter ic  configurat ion.  At the s ite of junct ion of two or more macromole­
c u le s  which are diffusing from opposite  s i t e s ,  an opaque line is formed.  The  opaque 
l ine is due to the coupling of ant ibody with an antigen and subsequent  precipi ta t ion
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of that  complex .
Pr io r  to the preparat ion of the double diffusion plates,- the rabbi t a n t i ­
serum w a s  absorbed a ga in s t  human c e l l s  to remove the nonspeci f ic  a n t ibod ie s .  
P a t i e n t  plasma and the absorbed  hyperimmune rabbi t serum then were loaded into 
cir cu la r  w e l l s ,  3  mm in d iameter ,  on an agar  plate  of 3 - 4  mm in t h i c k n e s s , The 
cir cu la r  we l ls  were cut  with a cork borer with an inter-wel l  d i s t a nc e  of 1 0  mm from 
lip to l ip .  After load ing ,  the plate  was  p laced  in a moist chamber ,  and stored at 
room tem pera tu re .  The  p la te s  were scanned  for the opaque perc ip i t in  l ines  a t  2 4 ,  
4 8  and 7 2  hours ,  and photographed at the first appearance of a reac t ion .
CHAPTER HI 
R E S U L T S
Light  Microscopic  Morphology 
The p laques  of Bowen's  d i s e a s e  appeared a s  mtra-ep idermal  squamous 
l e s i o n s .  The  over-a l l  epidermal  field w a s  marked by d y s p la s ia  in which the normal 
o rgan iza t ion  and polar i ty  of  the s t ra t i f ied epi thel ium was  l o s t .  Individual  s i t e s  
were marked by hyperkeratot ic  su rfaces ,  p a rake ra to s i s  and marked a c a n t h o s i s .  The 
most  notable  change  in individual c e l l s  was  the propensi ty  for mal ignant d y s k e ra t o s i s ,  
or  di sa rranged ke ra t in iza t ion ,  seen  a s  premature individual cel l  ke ra t in izat ion  in the 
basa l  and spinous l aye r s .  T h i s  type of ke ra t in izat ion con tras ted  with normal 
ke ra t in iza t ion  in that  the normal p rocess  occurred in the s tratum granulosum and 
s tra tum corneum and ut i l i zed keratohyal ine formation.  The  c e l l s  within the thickened  
ep ide rmis  were of ten seen  in m i to s i s ,  many of which were abnormal ,  e . g . ,  m u l t i ­
p o l a r .  Occasiona l  c e l l s  were noted to have a s  many as  six nuclei of var iable  s i z e .  
The  rete  r idges were somet imes th ickened ,  rounded and appeared blunted due to the 
narrowing of dermal p a p i l l a e .  The con t iguous dermis f requently con ta ined  a mono­




Light  m ic r o sc o p y . The periodic a c i d - S c h i f f  method demonstrated in ­
c reased  amounts of ca rbohydra te s  in a granular  fo^m. and when coupled with d i a s t a se  
d ig e s t io n ,  the r e s u l t s  indicated  an increased glycogen content  as  compared to normal 
sk in .  The  Feulgen  reac t ion did not demonstrate desoxyribose  in unusual locat ions 
or conf igu rat ions .
The  other  hi s tochemical  methods (Astrablau Alcian Blue , Ha le ' s  
Col loidal Iron and Sudan  B) ut i l ized for the s tudy  of Bowen 's  d i s e a s e  were e s s e n ­
t ia l ly  con s i s t en t  wi th  the f indings in normal s k in .  C onsequen t ly ,  these  methods 
did not contr ibute  to the understanding of the d i s e a s e  p r o c e s s .
E lectron m ic ro sc o p y . Loca l izat ion of the hydmlyt ic  enzyme or enzymes 
known as  acid phospha ta se  indicated the p resence  of large granules  of the lysosome 
family in all the epidermal  layers (Plate  XViU, F igure  1 8 ) .  The  loca l iza t ion  also 
indicated that  dysk e ra to s i s  w a s  intimately involved with the hydrolyt ic enzyme 
sys tem s ince  the dyskera to t i c  ce l l s  showed diffuse enzyme loca l iza t ion  (P late  XViU, 
Figure 1 9 ) .
Desoxyr ibonuc lease  was  also local ized to s t ruc tures  of lysosomal appear  ­
a n c e ,  however no def ini t ive interpretat ion could be made due to the large amounts 
of nonspecif ic  react ion p r o d u c t .
E lect ron  Microscopic  Morphology
The  most dramatic  ul trast ructural  a l t e ra t ion  was  the finding of numerous 
breaks in the cont inui ty  of the basement  membrane (P late  I, Figure 1; P l a t e  Ü,
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Figure  2 ;  P la te  111, Figure 3 ;  P la te  IV, Figure  4 ;  P la te  V, F igure  5 ;  P la te  VI,  
Figure  6 ) .  Vil lous p r o c e s s e s  from basal  c e l l s  projected through the basement  
membrane (Plate  II, Figure 2) and appeared to be followed by a d i a p e d e s i s - l i k e  
ac t ion  (Plate  III, Figure 3 ;  P la te  IV, Figure 4 ;  P la te  V,- Figure 5 ) ,  The down­
ward migration of ké ra t inocy tes  resul ted in the destruct ion of large segments  of 
basement  membrane (P la te  VI,  Figure 6 ) ,  and oc cas iona l ly  the penetrat ing  cell  
p r o c e s s e s  were found in direct  contac t  with f ib rob las t - l ike  ce l l s  in the ad jacent  
dermis  (Plate  V ,  Figure 5 ) .  Converse ly ,  infi lt rat ing dermal c e l l s  of the mononucle­
ar t y p e s  were seen  a l so  to penetrate  the basem ent  membrane and migrate into the 
ep idermis  (Plate  VII ,  Figure 7 ) .
The  su r faces  or plasma membranes of the basal  and sp inous  c e l l s  were 
very irregular and thrown up in vi l lous p ro jec t ions  (Plate  !, Figure 1; P la te  VI, 
Figure  6 ;  P l a te  VIII,  Figure 8 ) .  T h e s e  ce l lu la r  project ions protruded into widened 
s p a c e s  between c e l l s  and sometimes made con tac t  with the p ro jec t ions  from an a d ­
jacen t  c e l l . Some of  these  connect ions  appeared  to function as  rudimentary desmo- 
somes (Plate  VII,  Figure 7 ) .  Normal skin w a s  always noted to have narrow in te r ­
ce l lu la r  s p a c e s ,  and large numbers of w e l l -de f ined  desmosomes (P la te  IX, Figure 9)
The Golgi appara tu s  of squamous c e l l s  in Bowen's  d i s e a s e  was  found to 
be very wel l -deve loped  and some sec t ions  showed a s  many a s  four d i s t inc t  pe r i ­
nuc lear  zones in a s ing le  cell  (Plate  X ,  F igure  1 0 ) .  In normal c e l l s ,  the Golgi 
z one s  are both uncommon and poorly deve loped (Plate  !X, Figure 9 ) .  Mitochondria 
were present  in increased numbers and frequently  exhibi ted extreme s ize  variation 
and pleomorphism (P la te  XI,  Figure 1 1 ) ,  Normal epidermal c e l l s  contained re la-
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l iv e ly  few mitochondria ,  and these  were usua l ly  small and ova l - shaped  (Plate  IX, 
Figure  9 ) .  Accum ula t ions  of beta glycogen were observed in the basal  and lower 
sp inous  layers  as  membrane bound loca l iza t ions  in a per inuclear  posi t ion (P late  XII , 
Figure  1 2 ) .  The  quant i ty  of melanin was  markedly reduced within the affected 
ep idermis  (Plate  I, F igure  1 ) ,  and although dendri t ic  p r o c e s s e s  containing melanin 
were p resent  between c e l l s  (Plate  VIII,  Figure 8 ) ,  the majority of kéra t inocytes  
contained no m elanosomes .  However , those  kéra t inocy tes  which did contain 
melanin accumulated large amounts of the pigment  granules in lysosome-l ike  
s t ruc tu res  (Plate  XIII,  Figure 1 3 ) .
Most  nuclei varied in s ize  and s h a p e ,  and occas iona l ly  mult inucleated 
giant c e l l s  with c lo se ly  packed  nuclei  were p resen t  (P late  XX, Figure 2 0 ) ,  The 
nuc lear  ou t l ines  were moderately i rregular with d is t inc t  bilameller nuclear  mem­
branes (Plate  X ,  Figure 1 0 ;  P la te  XIV,  Figure 1 4 ;  P la te  XV, Figure 1 5 ;
P l a t e  XVI,  Figure  1 6 ) .  Nucleolar  s ize  was  markedly inc reased ,  and when measured 
by the method of Nix,  e t a l . ,  ( 1 9 6 5 )  the average  nucleolus  was  6 0  pet cent larger 
than con t ro l s .  The enlarged nucleolus  cons i s t ed  of dense s trands which branched 
to form a ret iculated nucleolonema (Plate  X ,  Figure  1 0 ) .  Th is  re t icu la te  appe ar ­
ance may be seen  in normal epidermal c e l l s  but is usual ly  less  prominent (P late  IX, 
Figure 9 ) .
The  degree of premature kerat inizat ion differed great ly from cell to c e l l ,  
and of ten there was  only a di splacement  and aggregat ion of tonofi laments  in a  p e r i ­
nuc lear  posit ion (Plate  XIV,  Figure 1 4 ) .  However ,  in many c e l l s ,  there  were 
d i sc r e te  cy toplasmic foci of mature kerat in plugs which were sometimes lined by
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membranes and joined by desmosomes  (Pla te  XîV,  Figure 1 4  and P l a t e  X V ,  Figure 
1 5 ) .  O ccas io na l ly  whole dyskera to t i c  c e l l s  were observed within the cy toplasm of 
other  ké ra t inocy tes  (Pla te  XVI,  Figure 1 6 ;  P l a t e  XVII ,  Figure 1 7  and P l a te  XIX,  
Figure  2 0 ) .  T h e s e  "engul fed" dyske ra to t ic  ceMs appeared to be condensed  and 
often exh ib i ted  a strong acid  phospha ta se  ac t ivi ty  (Pla te  XVSîl, Figure 1 9 ) .
The  giant  c e l l s  which  were descr ibed  at the light microscopic  level were 
found to be of two t y p e s ,  the f irst  type was  obviously a mononuclear  kerat lnocyte  
which had phagocytosed one or more dyskera to t ic  c e l l s  a s  descr ibed above (P late  XIX,  
Figure  2 0 ) .  The second type of giant  cell  appeared  to be a true mult inucleated cell  
having a s  many a s  s ix nuclei and abundant cy toplasm (Plate  XX, Figure 2 1 ) .
In s ix  of seven l e s ions  of Bowen 's  di sease ,-  a v irus- l ike  cy toplasmic  
p a r t i c l e ,  measuring approximately 8 0 0  to 1 1 0 0  A in d iamete r ,  was  demonst rated 
in e x t r ace l lu la r  spa ce s  of the basal  and sp inous  laye rs  (Plate  XXI,  Figu re  2 2 ) .
T h e s e  v i ru s - l ike  pa r t ic les  appeared  to form by a budding p r o c e s s ,  e i the r  from the 
p lasm a  membrane (Plate  XXII ,  F igu res  2 3 ,  2 4 ,  2 5 ,  26 )  or from a plasma mem­
brane - l ike  surface within the cy to p lasm. Some pa r t i c l e s  a lso  appeared to or iginate  
from tubu la r  s t ructures  a d ja c e n t  to the plasma m em brane . The ea r l ie s t  morphological  
indica t ion of th is  budding sequence  was  an increase  in the electron dens i ty  and in 
the number of laminat ions of the  plasma membrane . T h i s  a l tered area began  to evag-  
inate a s  the membrane increased in complexi ty and d e n s i ty .  As the final s tructure  
became more ev id en t ,  the p lasma  membrane pinched off behind the emerging p a r t i c l e ,  
which  w a s  then extruded into the in tercel lular  s p a c e .  The postu la ted  developmental  
sequence  is depicted in P l a t e  XXII ,  F igure s  2 3 ,  2 4 ,  2 5 ,  2 6 .
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In e a c h  of the l e s ions  s tu d i e d ,  the predominant  par t ic le  was  extracel lular , ,  
showing an outer  shell  cons i s t ing  of a lternat ing light and de nse  layers (Plate  XXil i ,  
F igure  2 7 ) .  The  less  d e n s e  nucleoid a r e a ,  which appeared  to be cont inuous with 
the innermost  membrane,  conta ined  two or more s m a l l ,  e l e c t r o n - d e n s e  pa r t ic les  
measuring approximately 1 0 0  A (P la te  XX!! , Figure 2 6 ;  P l a t e  XXIi l ,  F igure s  2 7 ,  
2 9 ,  3 0 ) .
During the course  of th i s  inves t iga t ion ,  no p a r t i c l e s  of the type descr ibed  
have been found in 4 4  samples  of normal skin or 1 2  sam ples  of other epidermal  
d i s e a s e s  s tudied as  c o n t ro l s .  Furthermore,  no virus-1 ike pa r t i c l e s  were found in 
the one c a s e  of Bowen 's  d i s e a s e  in which there was  a  his tory of a r sen ic  intake 
(see d i s c u s s i o n ) .
T i s s u e  Culture
HeLa c e l l s  were inoculated with c e l l - f r e e  e x t r a c t s  of the original  tumor
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or with small p iec e s  (1 mm ) of  f rozen tumor.  After  an infect ion became ev id e n t ,  
the HeLa cell  monolayer and medium were s o n i c a t e d , f i l tered and ser i a l ly  t ransferred 
to a new monolayer of t i s s u e  cul ture  c e l l s .
During the f irst  and second c e l l - f ree  p a s s a g e s ,  the HeLa c e l l s  became 
very g ranular ,  and af ter five days  many (90  per cent) de ta ched  from the subs t r a te .
As each  p a s s a g e  was comple ted ,  these  gross  cy topa th ic  e f fec t s  became l e s s  appar ­
ent  until a t  the fifth p a s s a g e  the c e l l s  became only s l igh t ly  granular  and remained 
t ight ly  fixed to the g l a s s .  Although the gross  ce l lu la r  e f fec t s  dec reased  af ter each  
p a s s a g e ,  the numbers and morphology of the p a r t i c l e s  apparent ly  remained the same .  
Due to the large number of spec im ens  involved for e lec tron  microscopic  s tudy ,  the
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number of p a s s a g e s  (five) w a s  arbi t rari ly  s e l e c t e d . P e l l e t s  of par t i c les  from the 
media of t i s s u e  cul tures  were examined by thin sect ioning  techn iques  and were 
found to contain many pa r t i c l e s  s imilar  to the t ypes  descr ibed  in the human tumor.
Cell specimens  t aken  for e lec tron microscopy  from each  p a s s a g e  were 
found to contain pa r t ic les  s imila r  to those  descr ibed above in the human primary 
tumor (P la te  XXIV, Figures  3 1 ,  3 2 ) .  Occasiona l  pa r t i c l e s  with s a c - ty p e  mem­
branes and eccen t r i ca l ly  located nucleoids  were observed clinging to the outer  surface 
of the pl asma  membrane of the c e l l . Two ex t rac t s  from normal skin did not produce 
the ce l lu la r  e f f e c t s ,  and no v i rus - l ike  pa r t ic les  were observed in any cell  cul tu res  
incubated with the normal sk in e x t r a c t s .
Chick Embryo
Inoculation of 1 0  day embryonated hen eggs  was  accompli shed  by a c e l l -  
free ext ract  of the original tumor,  or by ce l l - f ree  superna ten ts  from infected HeLa 
c e l l s .  Samples  of membranes from the inoculated eggs  were taken at var ious inter­
vals  and examined electron mic roscop ica l ly .
Ultrastructural  examinat ion  revealed v i ru s - l ike  par t i c les  ( 8 0 0 - 1 0 0 0  A 
in diameter) in the embryonic se ro sa  (chorio -al lan toic)  membrane of infected e g g s .  
Some pa r t i c l e s  were seen  within the cy toplasm and budding from vil lous pro jec t ions  
(P late  XXV, Figures  3 5 ,  3 6 ) ,  while other  pa r t i c l e s  were found free in ext race l lu la r  
s pace  ad jacen t  to the basal  c e l l s  (P late  XXVI,  F ig u re s  3 9 ,  4 0 ) .  T h e s e  pa r t ic l es  
were s imilar  in s ize  and morphology to pa r t ic les  found in HeLa ce l l s  infected with 
the c e l l - f r e e  f il trate and to t hose  found in human tumors (P late  XXV, F igu res  3 3 ,  
3 4 ,  3 5 ,  3 6 ;  P l a te  XXVI,  F ig u re s  3 7 ,  3 8 ,  3 9 ,  4 0 ) .  The  ex tr ac t s  from normal
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skin did not  produce pa r t i c l e s  on the amniotic membrane or se rosa  of any eggs  
e x a m i n e d .
Immunology
Rabbit  antiserum made aga ins t  the v i ru s - l i k e  pa r t ic les  obtained from 
t i s s u e  c u l t u r e ,  c ro s s - r e a c t e d  with a plasma ant igen in pa t i en ts  with Bowen' s  
d i s e a s e .  T h i s  an t igen -an t ibody  react ion p rec ip i ta ted in agar using the Ouchterlony 
gel di ffusion techn ique .
P l a te  XXVII,  Figure  4 1  is a react ion of  the an t iserum with:  (1) plasma 
from a Bow en 's  pa t i ent  obtained prior to surgery ,  (2) plasma from the same pat ient 
ob tained th ree  months pos t -ope ra t ive  and (3) p lasma  from a normal c o n t r o l . A 
prec ipi t in  reac t ion occurred to the  pre-opera t ive  p lasma  but not to the pos t-opera t ive  
or control p l a s m a .  An addi t iona l  se r ie s  of 3 3  cancer  and 5 1  non-cance r  pa t i en ts  
w a s  a s s a y e d  for an t igen c o n te n t .
The  technique  showed pos i t ive  r eac t ions  on 2 7  of the 3 3  cancer  pa t ients  
and nega t ive  react ions  on 4 6  of  the 5 1  non-cancer  p a t i e n t s .  Of the five cancer  
pa t i en ts  whose  plasma did not  r e a c t ,  one was  a t rea ted  Bowen 's  d i s e a s e  pa t i en t ,  
two had acu te  lymphoblast ic  leukemia in complete remission  and the remaining two 
p a t i e n ts  were  negative even  though their  d i s e a s e  was  not arrested in any w ay .
In the normal group,  five individuals  had pos i t ive  r e a c t io n s ,  one of those 
pa t i en ts  had a five year  pos t -ope ra t ive  history of a lung tumor,  another  pat i en t  was 
h osp i t a l i zed  for myocardial i s c h e m ia ,  and a third pa t ient  had a hemolytic anemia of 
unknown e t io lo gy .  Pos i t ive  r eac t ions  were obtained with the fourth and fifth pat i en ts  
in severa l  t r i a ls  even  though a complete  c linical  work-up revealed no ev idence  of 
ne o p la s i a  or other  d i s e a s e s .
CHAPTER IV 
DISCUSSION
Bowen's  d i s e a s e  is c la s s i f i ed  a s  a squamous carcinoma in s i t u , which 
implies that  the p rocess  is limited to the epi thel i a l  layer and is contained by the 
basement  membrane.  The ul t ras tructural  d iscont inui ty  of the basement  membrane 
in the observed  c a s e s  of Bow en' s  d i se a s e  is in cont rast  to the intact basement  
membrane found in cervical  carcinoma in s i t u . However ,  the basement  membrane 
damage in Bowen's  d i s e a s e  w a s  s tr ikingly s imilar  to that  observed in invasive 
cancer  of the cervix (L u ib e l , e t  a l . ,  1 9 6 0 ) .  Dobson and Griffin ( 1 9 6 2 )  a lso 
found basement  membrane d i sso lu t ion  prior to invasion of experimental  epidermal  
tumors .  Ordinar ily Bowen's  d i s e a s e  is not invasive for long periods of t im e .  T h i s  
s tudy c a s t s  doubt upon the hypothes is  that  the basement  membrane is important in 
res t ra in ing the invasion of carcinoma into connect ive  t i s s u e .
Ul tra struc tura l ly ,  the dyskera tos i s  seen  in Bowen's  d i se a s e  may be con­
sidered to be of two t y p e s ,  primary and secondary .  Pr imary dyskera tos i s  occurs  
ent i re ly  within one cell  and usua l ly  resu l ts  from central  d i sp lacem en t ,  aggregat ion 
and condensa t ion  of t o n o f i la m en ts . These  same phenomena are a lso  seen  in benign 
dy ske ra to s i s  (Wilgram and We instock ,  1 9 6 6 ) .  One feature of primary dyskera tos i s  
not reported in benign disorders  is interference by the dyskeratot ic  material with
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cell  d iv i s ion .  The  tonofi laments  are usua l ly  separa ted  from the mitotic appara tus  
by a c lea r  zone (Olsen ,  e t  a l 1 9 6 9 ) ,  however in the dyske ra tos i s  of Bowen 's  
d i s e a s e  the tonofi laments  appear  in th is  area and become entang led with the spindles  
of the mitotic a p pa ra tu s .  It is unl ikely that  normal divis ion can proceed to comple­
tion in such  c e l l s ,  and it is probably that  some giant  c e l l s  (Plate  XX ,  Figure  2 1 )  
are formed in th is  manner .  Although nuclear  material was  observed to s e p a r a t e ,  
cy top lasmic  divis ion w a s  not seen  in these  c e l l s .
Dyskeratot ic  p lugs  in various s tages  of d i s in tegra t ion  were seen  in many 
ké ra t inoc y te s ,  these  p lugs  were frequently lined by uni t membranes and connected 
to the kerat inocyte  by d e s m o s o m es .  Th is  suggested tha t  the d yske ra to s i s  seen  in 
some c e l l s  probably occurred through phagocytos is  by one kerat inocyte  of e i ther  
fully or par t ia l ly  kerat inized material  from another ke ra t inocy te .  T h i s  type of 
dyske ra to s i s  may be cons ide red  to be secondary and has  not been reported with 
benign d y s k e r a t o s i s .
The  acid phospha ta se  act ivi ty  observed in dyskera to t ic  ke ra t in izat ion 
w a s  c lo s e ly  analogous to acid hydrolase act ivi ty  in normal superf ic ial  epidermis  
prior to normal ke ra t in iza t ion .  T h e s e  observa t ions  on acid phospha ta se  ac t ivi ty  
sugges ted  a role for hydrolyt ic enzymes in the degrada t ion of ce l lu la r  o rgane l le s  
prior to kera t in iza t ion .  The  importance of a dis turbed desmosomal- tonofi lament  
re la t ionsh ip in abnormal ke ra t in izat ion has been emphas ized by Caufield and 
Wilgram ( 1 9 6 3 )  in Dar ier ' s  and in Hai ley-Hailey  d i s e a s e . They  reported that  
condensa t ion  and retract ion of tonofi laments occurred following thei r  separa t ion 
from the desmosomes and resu l ted  in d y s k e ra to s i s .  B raun-Falco  and Vogel I ( 1 9 6 5 )
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in an oppos ing  view |iave shown tha t  apparen t ly  normal kerat inizat ion may occur  in 
a re a s  with abnormal desmosom al - tonof i lament  c o m p l e x e s .
T he  abundance of endoplasmic  ret iculum and Golgi zones in the p r e s ­
ence  of  large numbers of abnormal mitochondria sugges ted  very act ive metabolism 
and s y n th e s i s  of cell cons t i tu e n t s  and may be related to nucleolar  c h a n g e s . In­
c re a s e d  nuc leo la r  s ize  has been observed  in a varie ty  of tumors .  T h i s  finding is 
not spec i f ic  for c a n c e r ,  however ,  a s  Nix,  e t  a l . ,  ( 1 9 6 5 )  found nuclear  enla rgement  
following ul traviolet  l ight exposure  of normal sk in .
T he  above d i s c u s s io n  of Bowen 's  d i s e a s e  was  concerned only wi th  the 
morphological  c h a rac te r i s t i c s  of the l e s i o n s ,  but the occurrence of v i rus - l ike  p a r ­
t i c l e s  in s ix out of seven  c lea r ly  defined Bowen 's  l e s io n s  was  an unexpected 
f ind ing.  The  only Bowen' s  le s ion  in which v i rus - l ike  pa r t ic les  were not seen  
occurred in a pat ient  who had ingested  cons iderab le  amounts of a r s e n i c ,  a known 
e t io logica l  agent  in skin c a n c e r .  However ,  the high percentage  of non-ar sen ica l  
c a s e s  that  contained virus-1 ike pa r t i c l e s  s u gge s t s  more than a casua l  r e l a t ionsh ip .
Although many biological  agen ts  have been reported in a s so c i a t i o n  with 
human neoplasms  (Meesen and S c h u l t z ,  1 9 5 7 ;  Sykes  , e t  a l . ,  1 9 6 2 ;  Da l ton,  
e t  a l . ,  1 9 6 4 ;  Dmochowski ,  1 9 6 4 ;  Lunger ,  e t  a l . ,  1 9 6 4 ;  P o r te r ,  e t  a l . ,  1 9 6 4 ;  
Bryan,  e t  a l . ,  1 9 6 5 ;  Dmochowski ,  1 9 6 5 a ,  1 9 6 5 b ;  Dmochowski,  e t  a l . , 1 9 6 5 ;  
Z e v e ,  e t  a l . ,  1 9 6 6 ;  Dmochowski ,  e t  a l . ,  1 9 6 7 ;  Har r i s ,  1 9 6 7 ;  S a b i n ,  1 9 6 7 ;  
Dal ton ,  e t  a l . ,  1 9 6 8 ;  F e l l e r  and Chopra ,  1 9 6 8 ;  R a u s c h e r ,  1 9 6 8 ;  S t e w a r t ,  
e t  a l . ,  1 9 6 9 ;  Nordquis t ,  e t  a l . ,  1 9 7 0 ) ,  no virus has  been demonstrated to be 
the c a u s a t iv e  agent  in mal ignant  human tumors ,  with the  poss ib le  excep t ion  of
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Burk i t t ' s  lymphoma. A review of Burki t t ' s  lymphoma by Bell in 1 9 6 7  revea led 
tha t  1 4  different  biological  agen ts  had been iso la ted from these  tumors .  The 
e x i s t e n c e  of  multiple agen ts  in a  s ingle  tumor type Indicate the hazards  involved in 
premature c onc lu s ions .
In 1 9 6 7 ,  Huebner sugges ted  cri ter ia  for charac te r iza t ion  of su spec ted  
p a r t i c l e s  and proof of their  iden t i ty ,  by which a s u spec te d  biological  agen t  could 
be unequ ivoca l ly  de f ined .  T h e s e  cr i t er ia  are in the form of ques t ions :  is th is  virus 
a t rue v i ru s ,  can  the virus be recovered by other  l abora to r ie s ,  did the virus  or iginate  
in the t i s s u e  under  s tu dy ,  and is the virus the c a u s e  of the d i s e a s e ?  However ,  
human tumor v i ru ses  are not a s  read i ly  s tudied a s  animal  tumor v i r u s e s ,  and only 
the  human papi lloma virus has  a proven et iologica l  role in solid tumors of humans 
and has  been confirmed by Huebner 's  c r i t e r ia .
The  morphology of the v i ru s - l ike  pa r t i c l e s  in Bowen's  d i s e a s e  is quite 
s imila r  to the v i ru s - l ike  pa r t i c l e s  reported by Da l to n ,  e t  a l . ,  in 1 9 6 8 .  T h i s  group 
de sc r ibed  a th ick -wall ed  pa r t ic l e  containing severa l  subpart ic les  in the nucleoid in 
s e c t i o n s  of plasma p e l l e t s  from a pa t ien t  with chronic lymphocytic l eukem ia .  T h e s e  
worke rs  a lso  showed a budding sequence  in the formation of C- type  p a r t i c l e s  in 
murine leukemia induced by the Rauscher  v i rus .  T h i s  budding sequence  of a murine 
C - ty p e  virus  is remarkably s imilar  to that  reported above in Bowen's  d i s e a s e  
(P la te  XXII ,  F igu res  2 3 ,  2 4 ,  2 5 ,  2 6 ) .
The  ul t ras t ruc tu re  of the Bowen 's  p a r t i c l e s  is s imilar  to the s t ructure  of 
a  new virus  group, the a renov i ruses  (Rowe,  e t  a l . ,  1 9 7 0 ) .  The a renov i ruses  are 
c ha rac te r ized  by a  spherical  par t ic le  which m easu res  1 1 0 0 - 1 3 0 0  A in d iameter .
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The  pa r t i c l e s  are bound by a uni t membrane envelope and the unstructured interior 
con ta ins  a var iable  number of e lec tron de nse  pa r t i c l e s .
The  viral nature of the pa r t i c l e s  observed in Bow en' s  d i se a s e  was  
a s s e s s e d  by: (1) d i s t m c t  v i ru s - I 'k e  morphology of the pa r t i c l e s  in human t i s s u e , 
(2) the appearance  of s imilar  pa r t ic les  in t i s s u e  cu l tu re ,  af ter inoculation with 
e i ther  c e l l - f r e e  f i l t ra tes  or whole c e l l s ,  (3) the observat ion of pa r t ic les  of similar 
s ize  and morphology on the se rosa  of infected e g g s ,  and (4) the absence  of growth 
of any contaminat ing forms such a s  P P L O ,  ba c te r i a ,  and y e a s t . Furthermore,  no 
v iruses  of  th is  type have been observed in normal skin 'A4  c a s e s  studied)  or other  
epidermal  l es ions  ( 1 2  c a s e s  s tudied) ,
T re a t  ment of t i s s u e  cul ture cel l  s with tumor ex tr ac t s  produced ex tens ive  
ce l lu la r  c h a n g e s ,  or cytopathic  e f fec ts  ( C P E ) . The apparent  d e c re a s e  of CPE 
following e ach  p a s s a g e  is of cons ide rab le  interest . Thi s  marked loss  of CPE 
could be due to a t tenuat ion of the p a r t i c l e ,  leading to loss  of v i ru lence ,  or to a 
cy totox ic  subs tance  which was  di luted out by the five subsequent  medium c h a n g e s .  
Although CPE w a s  reduced af te r  each  p a s s a g e ,  the number of virus  like par t ic l es  
was  apparent ly  the same after  five p a s s a g e s .
T he  precipi t in  react ion obtained with hyperimmune rabbit  ant iserum to 
the v i ru s - l ike  pa r t i c l e s  grown in t i s s u e  cul tures  indicated that  an an t igen in the 
infected t i s s u e  cul tures  was  common to pa t i en ts  with Bowen 's  d i s e a s e  and to p a ­
t ie n t s  with other  types  of n e o p l a s i a . Although the antiserum w a s  cons idered  to be 
re la t ive ly  s p e c i f i c ,  the c ro s s - r e a c t i o n s  with plasma ant igens  of other  cancer  p a ­
t ien ts  w a s  pe rplex ing .  Originally it was  assumed that  the an t iserum would be
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spec i f ic  for an antigen which could be used for typing the virus  and group identi fi ­
c a t i o n .  However, the c r o s s - r e a c t i o n s  indicated that  the  same (or a c lo se ly  similar) 
ant igen was present  in other  neop las t ic  d i s e a s e s .  Three  p oss ib i l i t i e s  are proposed 
to explain these  unexpected  immunological findings:  (1) the anti  serum is not s p e ­
c if ic  for a viral an t igen but for an enzyme or a metabol ic  product  of the t i s sue  
culture  ce l l s  (which are  a l s o  human tumor c e l l s ) ,  (2) the ant iserum is specif ic  for 
a group of c ro s s - re a c t in g  tumor cell  membrane an t igens  which could be avai lable  
in many types of t u m o r s . In th is  c a s e ,  a seemingly speci f ic  react ion could occur 
to many different an t igens  if the antibody was  a " loose fit" type and the membrane 
an t igens  were c lo se ly  s imilar  or (3) the ant iserum is truily s p e c i f i c ,  and the react ions 
showed many different human tumor types  with a s ing le  e t io logic  agen t .
The u l t r a s t ruc tu ra l ,  vi rological  and immunological evidence indicates  
tha t  the virus pa r t ic les  in Bowen 's  d i se a s e  could have a functional role in the d i s ­
e a s e  p r o c e s s .  As d i s c u s s e d  above ,  the morphology of the virus  is cons i s t en t  with 
the known structure of other  v i r u s e s ,  and the biological ac t iv i ty  of  the part ic le  has 
been e s tab l i shed  in ch ick  embryo and human t i s sue  culture  c e l l s .  Although virus 
pa r t i c l e s  were seen in s ix c a s e s ,  the case  with an a r se n ic  history did not contain 
s imilar  s t r u c tu r e s . T h i s  could indicate  that  pathological  l es ions  that  are grossly 
and his tologica l ly  s imilar  may be the resul t  of two qui te  different  a g e n t s .  Since 
it is known that a r sen ic  has  a role in skin c a n ce r s ,  it is not un rea l is t ic  to assume 
t h a t  a  similar les ion could be due to a virus .
C H APT ER V 
SUMMARY AND CONCLUSIONS
The  pr inciple finding in th i s  s tudy on the u l t r a s t ruc tu re ,  virology and 
immunology of Bowen' s  d i s e a s e  are:  (1) frequent breaks in the sub jacen t  b a s e ­
ment membrane, with microinvasion of  the  dermis by malignant  epidermal  kéra t ino­
c y t e s ,  (2) large numbers of dyskera to t i c  c e l l s  of the secondary or mal ignant  d y s ­
keratotic  ty p e ,  (3) acid phospha ta se  ac t iv i ty  in lysosomes and diffuse act ivi ty  in 
dyske ra to t ic  a r e a s ,  (4) abnormal amounts  of cel lula r  metabol ic  p roducts ,  e . g . , 
g lycogen ,  (5) abnormal s ize  and amount  of cytoplasmic o r g a n e l l e s ,  e . g . ,  Golgi 
a p p a ra tu s ,  endoplasmic ret iculum and mitochondria ,  (6) de c re a sed  numbers of 
desmosomes  and formation of rudimentary desmosomes be tween  vi l lous p r o c e s s e s ,  
(7) v irus - l ike  pa r t ic les  budding from the plasma membrane and free in the ex tr a ­
ce l lula r  space  of the original tumor, (8) product ion of s imilar  v i rus - l i ke  par t ic l es  
in He La c e l l s  and chick embryo membranes after inoculation with c e l l - f ree  ex tr ac t s  
of Bowen' s  tumors and (9) the p resence  of a new antigen in pa t i en ts  with Bowen 's  
d i s e a s e  and the observat ion  of a s imi lar  antigen in pa t i en ts  wi th  other  types  of 
n e o p la s i a .
The morphological obse rva t ions  reported herewithin are c ons i s t en t  with 
malignant  c e l l s  that  are programmed for rapid syn thes i s  of s tructural  components
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and equa l ly  rapid m i to s i s .  It is not un rea l i s t i c  to sugges t  that  th i s  s equence  of 
even ts  could be t riggered by a  v i ru s .  T he  frequency of c a s e s  containing v i ruses  
( 8 5 . 9  p e r c e n t )  indica tes  t ha t  a causa l  re la t ionship must be c o n s id e r e d ,  the added 
o bse rva t io ns  of a new ant igen in the host and in t i s s u e  cul tu res  s trongly support  
th is  hy p o th es i s .
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The f igures shown are micrographs se lec ted  from a se r ie s  of more than 
2 0 0 0  p l a t e s .  The original micrographs were taken between 3 0 0 0  and 1 0 0 , 0 0 0  
t imes and en larged to the des ired  magnif icat ion.
Li s t  of Abbreviat ions
AO after operat ion
AS antiserum





DKG dyskera to t ic  cell
E epidermis
ER endoplasmic reticulum
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PL A T E  I
Figure 1 .  Derma I-epidermal junct ion showing invasive project ions (IP) 
into the de rm is .  The  basal  and spinous  cell nuclei (N) are  convoluted and th ic k ­
e n e d ,  some of  which  conta in  large nucleol i (No). Note the widened intercel lular  






Figure 2 .  Dermal-epidermal  junct ion exhibi t ing an epidermal vi llous 




Figure  3 .  Dermal-epidermal  junct ion showing a basal  cell  p rocess  
which has pene tra ted the basement  membrane and invaded the ad jacen t  dermis .  
8 0 , 0 0 0 x .
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P L A T E  IV
Figure 4 .  Dermal-epidermal  junction demons tra t ing dermal invasion by 






Figure  5 .  Dermal-epidermal  junct ion exhibi t ing basement  membrane 
pene trat ion and dermal invasion by three separate  c e l l s .  Note that  the invading 







P L A T E  VI
Figure  6 .  Dermal-epidermal junct ion at a locat ion of complete  d i sso lu t ion  
of  the basem en t  membrane. The  basem ent  membrane (BM) is ev iden t  in only one 
small a r e a .  Large numbers of mononuclear  c e l l s  are present  and are  assumed to be 






F igure  7 .  Dermal-epidermal  junct ion showing a monocyte (MC) invading 
the epide rmis  through a break in the basement  m em brane . 1 7 , 6 0 0 x .
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PL A T E  VIII
Figure 8 .  Basal  and lower sp inous  layers demonstrat ing the lack of 
melanin,  widened intercel lular s p a c e s  and loss  of mature desm osom es .  Melanin 
is p resent  in a dendri te adjacen t  to the basement  membrane . Note the melanosomes 
are s ing le  and are not in lysosome-l ike  s t ruc tu res .  1 4 , 0 0 0 x .
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PL A T E  IX
Figure  9 .  Spinous  cell  from normal ep idermis  demonstrat ing normal 
numbers of mitochondria and o ther  o r g a n e l l e s ,  Tonof i laments  are arranged in a 
peripheral halo and are separa ted from the nuc leus  by a  c lea r  zone .  The  nuclear  
membrane is smooth and thin and the nuc lea r  con ten ts  are finely d i s p e r s e d .  Al­
though the nuc leo lus  is p r e s e n t ,  the  nucleolonema is not d i s t i n c t .  Note the  narrow 







PL A T E  X
Figure  1 0 .  Spinous  c e l l s  showing large numbers of mitochondria (M) 
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PLA TE XI
Figure 1 1 .  Spinous  cel l  exhibi t ing la rge ,  pleomorphic mitochondria  (M) 




Figure  1 2 .  Spinous  cel l  containing accumula t ions  of be ta  glycogen (Gly) 




Figure 1 3 .  Kerat inocyte  in the spinous layer  which contains  many 
lysosom e- l ik e  s t ructures  (L) ,  some of these  membrane bound bodies  have accum u­





P L A T E  XIV
F igure  1 4 .  Spinous kerat inocyte  exhibi t ing the two types  of ke ra t in i -  
z a t i o n ,  one of  which is a phagocyt ized  dyskera to t ic  cel l  (DKC), the o ther ,  a focal 





P LA TE XV
Figure 1 5 .  Sp inous kerat inocyte  which c o n ta in s  a d isc re te  a rea  of 
ke rat inizat ion (FK) in the c y top la sm .  1 4 , 0 0 0 x .
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P L A T E  XVI
Figure 1 6 .  Sp inous ke ra t in ocy te ,  the cytop lasm of  which con ta ins  a 
phagocyt ized  dyskera to t ic  c e l l . Note the cons ide rab le  difference in the dens i ty  
of the two c e l l s ,  the  dyskera to t i c  cell  seems great ly  condensed  al though the nu­




Figure 1 7 ,  Spinous kerat inocyte  which con ta ins  a dyskera to t i c  cell  and 
even  though a condensa t ion  has  occurred ,  the  nuc leus  and cy toplasmic  organe l le s  




PL A T E  XVIII
F igure  1 8 .  Acid phospha ta se  r e a c t ion ,  the product  of the react ion is 
local ized  to d i sc re te  membrane bound bodies  indicated by ar rows .  6 3 , 0 0 0 x .
F igure  1 9 .  Acid phosphatase  r ea c t ion ,  a dyskera to t ic  cell  is present  
in the cy top lasm of another c e l l ,  the  react ion product can  be seen  diffusely d i s ­
t ributed on the dyskera to t ic  c e l l . 3 7 , 0 0 0 x .
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PL A T E  XIX
Figure 2 0 .  Spinous  ké ra t inocyte  which conta ins  a newly phagocyt ized  
cel l  in which all o rgane l le s  are sti ll  p resen t  and the nuc leus  and nuc leo lus  are 
in tac t .  1 3 , 5 0 0 x .
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PL A T E  XX
Figure  2 1 .  Giant  cell  with four individual n u c le i ,  three of which con­
tain  large n u c le o l i .  The  tonofi laments  are aggrega ted and are no longer individual 
1 3 , 5 0 0 x .
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PL A T E  XXI
Figure 2 2 .  Spinous  layer showing the frequency of ex trace l lu la r  virus  








PL A T E  XXII
F igu res  2 7 - 3 0 .  A p o ss ib le  method for the formation of the v i rus - l ike  
pa r t i c l e s  is shown a s  a sequence  of ev e n ts  beginning with an increase  in dens i ty  
of the p lasm a  membrane followed by évagina t ion  and the subsequen t  pinching off 






PL A T E  XXIII
F igures  2 7 - 3 0  . Ex t race l lu la r  virus  pa r t ic les  from four different pa t i en ts  
with Bowen 's  d i s e a s e .  The  arrows indicate  dense  subpa r t ic les  in the nucleoid.  









Figu re s  3 1  and 3 2 .  Thin  sec t ions  of p e l l e t s  obtained by centr i fugat ion 
of infected t i s s u e  culture  medium. Figure 3 1  is a sample from the f irst  ce l l - f ree  
p a s s a g e  in HeLa c e l l s .  Figure 3 2  is a  co l l ec t ion  from the fifth c e l l - f r e e  p a s sa g e  





Figure s  3 3 - 3 6 .  F igu res  3 3  and 3 4  depic t  budding pa r t ic les  from 
human tumors .  F igu res  3 5  and 3 6  depict  budding pa r t ic les  from the se rosa  of 
infected eggs,  note the s imilar i ty  of the virus  c o a t s  in the human (Figure 3 4 )  and 




F igure s  3 7 - 4 0 .  Figures  3 7  and 3 8  dep ic t  ex tracel lu la r  pa r t ic les  from 
human tumors .  F igure s  3 9  and 4 0  depict  ex t race l lu la r  par t ic l es  from the se rosa  
of infected e g g s .  Note the charac te r is t ic  coa ts  on the human tumor par t ic le  (F ig ­





Figure  4 1 .  Ouchter lony immunodiffusion plate  showing a prec ip i t in  line 
be tw een  hyperimmune rabbi t  antiserum (AS) and the plasma of a pa t ien t  with an 
ac t ive  Bow en 's  les ion ( 8 0 ) .  Note the a b s e n c e  of a Iine in front of the well whicn 
con ta in s  pl asma  from the same pa t i e n t ,  th ree months af te r  surgical  removal of the 
le s ion  (AO) . Also note that  the control p lasm a  from a normal volunteer  does  not 
form a line with the an t i se rum . l O x .
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